When carrier temperatures are used to model impact ionization with self-consistent cooling effects, anomalous negative differential resistance (NDR) We have chosen a test pn junction diode with n + 1019cm -3 and p 5 x 1017cm -3 to avoid confusing interpretation when significant amount of minority carriers reaches metallurgical contacts. For simplicity, no band-to-band tunneling model is used. The vicinity of the breakdown region in the reversebias IV curves, using field and energy dependencies for the mobility Ix and the impact ionization rate et, is shown in Fig. 1 
In recent years, the drift-diffusion (DD) model has been extended to the energy transport (ET) model and the hydrodynamic (HD) model to account for nonequilibrium effects from the elevated average carrier energy at high fields. Inclusion of electron and hole temperatures as state variables allows transport coefficients such as mobilities and impact ionization rates as functions of the carrier temperatures instead of the local electric field to remove the thermal equilibrium approximation [1] . However, this new parametrization of the transport coefficients has received controversial criticisms. Although much success has been achieved in fitting specific experiment measurements, especially in MOSFET substrate current cases (e.g., [2] ), it has also been established that the distribution function, in particular the tail part that determines the impact ionization and MOSFET gate current, is not well characterized by the carrier concentration and average energy alone [3, 4] . Nevertheless (shown in Fig. 2 ) and the carrier concentrations (shown in Fig. 3 ) and impact ionization generation rates (shown in Fig. 4 tor M defined by the ratio of outgoing and incoming electron (or hole) currents in the depletion region can be expressed as [7] " /--%exp (n-p)dx dx (2) If n(X) =--p(X), the breakdown condition as M is simply .[0 w a 1 and no NDR is possible as long as the depletion region remains the same width and a has only one peak of F within it. However, if c n (x) p(X), the reverse breakdown current is affected by the convolution of o n and Cp, and NDR can exist for slightly perturbed T n and Tp profiles.
Besides, it can be observed that the breakdown voltage predicted by c(Tc) is much larger than that by c(F) [9] . This can be understood from two aspects. First, when only one carrier is considered (as in nin cases of Fig. 5 
